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(54) SOUD ELECTROLYTE WITH MIXED CONDUCTIVITY GIVEN TO SURFACE OF NAGATIVE 
ELECTRODE 

(57)Abstract: 

PURPOSE: To improve the performance of the electrolytic 
cells of a high temperature electrolysis device and a high 
temperature solid electrolytic fuel device, and to improve the 

durability of a solid electrolyte itself by using electrolyte for 35SI|W^3& 
which mixed conductivity is given to the surface of a i' . }2MM )!7,. 

negative electrode. *SR 2iv -FnWP 

CONSTITUTION: A solid electrolyte 1 is YSZ, and a surface ^efl.^o / 

active agent is added to a particle of 0.5^m to form a slurry, 
which is placed on a Teflon sheet, and after the slurry is 
dried naturally, it is backed in the atmosphere. Materials La 
(N03)3.6H20 and Ce(N03)3.6H20 are mixed together at the 



4 mm 



weight ratio of 1 to 3, to which water is added by 30% by - , '^Tn-<iim 

weight ratio and a solution is provided. This solution is j ^JiK^ni *^ 

applied to one surface of the VSZ plate 1 and is baked to I '^^"'^ 

form a mixed conductivity thin film 4. A slurry for which 
60wt.% of NiO and 40wt.% of YSZ are mixed together is 
screen-printed as a negative electrode on the thin film 4. A 
material LaMnOS is provided in the same manner to provide a 
positive electrode. This electrode is baked to form a cell. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Industrial Application]This invention relates to the solid electrolyte used for an elevated- 
temperature solid oxide type water-vapor-electrolysis device or an elevated-temperature solid oxide 
fuel cell. 
[0002] 

[Description of the Prior Art]The composition of the conventional elevated-temperature solid oxide 
type water-vapor^electrolysis device or a fuel cell is shown in dra wing 4. The solid electrolyte 1 is 
monotonous, forms the negative electrode 2 and the anode 3 in the both sides of the monotonous 
solid electrolyte 1 , and is making supply discharge of reactant gas, and electronic transfer bear. Five 
show a current supply source part (in the case of a high-temperature-steam electrolytic device) 
among a figure. As the negative electrode 2, the cermet of the yttria stabilized zirconia which is 
generally a component of nickel and a solid electrolyte is used, and, generally perovskite compounds, 
such as LaMnOg, are used as the anode 3. 

[0003]By these electrodes, with a fuel cell and a water-vapor-electrolysis device, since a reverse 
reaction occurs, each is explained. The next reaction starts in high-temperature-steam electrolysis 
operation. In the negative electrode 2, the steam 1 1 is supplied, in the interface part of the negative 
electrode 2 and the solid electrolyte 1, an electron is supplied from the negative electrode 2, the 
steam 1 1 is disassembled, and the hydrogen gas 1 2 generates. In the anode 3, the oxygen ion which 
moved among the solid electrolyte 1 emits electrons, and the oxygen gas 1 3 generates. The next 
reaction starts in fuel cell operation. In the anode 3, an electron is received and it becomes oxygen 
ion, and oxygen turns the inside of the solid electrolyte 1 to the negative electrode 2, and moves. In 
the negative electrode 2, oxygen ion reacts to the hydrogen 1 1 supplied by emitting electrons, and 
generates the steam 12. 
[0004] 

[Problem(s) to be Solved by the Invention]The problem in the case of the conventional method is 
described below. Although a fuel cell and high-temperature-steam electrolysis operation are 
performed based on the working principle explained for the preceding clause, the place where the 
reaction in the negative electrode 2 occurs is limited to the place (this is called a three-phase zone) 
where the solid electrolyte 1, the negative electrode 2, and the material gas (it is the steam and 
hydrogen gas in the case of a cell in the case of electrolysis) 1 1 touch. It is because a reaction is not 
materialized even if either of three elements of receipts and payments into electronic 
supply/discharge, supply of a raw material, and the solid electrolyte of oxygen ion is missing. The 
mimetic diagram of the phenomenon started near [ negative-electrode 2 ] a high-temperature-steam 
electrolytic device is shown in dr awing 5. 

[0005]the electrode being porosity, therefore for the supply (it is hydrogen and the steam in the case 
of high-temperature-steam electrolysis in the case of a fuel cell) 1 1 of material gas, and discharge of 
the production gas (it is the steam and hydrogen in the case of high-temperature-steam electrolysis 
in the case of a fuel cell) 12, As shown in drawing 4, as for the electrode, the number -lOmicrometer 
comparatively big particle has been used. 

[0006]In this case, it is a fault that the area in which a reaction actually occurs is small. Since a 
usable area would be limited to the three-phase-circuit interface mentioned above even if material 
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gas is fully decomposed at the place, when it converted per area of a solid electrolyte, the actual 
reaction surface product had a fault which becomes small. This invention provides the composition of 
the solid electrolyte in which an effective reaction surface product demonstrates highly efficient large 
competence power in view of such a technical problem. 
[0007] 

[Means for Solving the Problemjln a solid electrolyte in which this invention uses as a base stabilized 
zirconia used for an elevated-temperature solid oxide type water-vapor-electrolysis device or an 
elevated-temperature solid oxide type fuel system, A 0.1-5-micrometer-thick mixed conductive film 
** La-Ce oxide chosen from the following group (it is a mole ratio in mole fraction at the time of 
La+Ce=1, and is La:Ce=0-0.5:1 .0-0.5) 

♦* Y-Ce oxide (it is a mole ratio in mole fraction at the time of Y+Ce=1, and is Y:Ce=0-0.5:1 .0-0.5) 
** Pr oxide ** Sm-Ce oxide (it is a mole ratio in mole fraction at the time of Sm+Ce=1 , and is 
Sm:Ce=0-0.5: 1.0-0.5) 

It is the solid electrolyte which gave mixed conductivity to a negative electrode surface which forms 

in a porous negative electrode surface and is characterized by things. 

[0008] 

[Function]Although drawing 1_and drawing 2 explain an operation of the solid electrolyte by this 
invention below taking the case of the case of water vapor electrolysis, also when it is a fuel cell, it 
becomes the same operation fundamentally only by the move direction becoming reverse. Prawing 1 
is an explanatory view of the composition of the solid electrolyte of this invention, and drawin g 2_is an 
explanatory view of the operation. The mixed conductive thin film 4 which doubles and has the 
electron conductivity and ion conductivity which were formed in negative-electrode 2 side surface of 
the solid electrolyte 1 causes the following electrode reaction (steam-cracking reaction) by an 
interface with the stabilized zirconia (it abbreviates to YSZ hereafter) 1 which is a solid electrolyte. 
H2O+ 2e -> Hj O(steam) 1 1 arrives at the solid electrolyte 1 surface which diffuses the inside of the 

porous negative electrode 2 and the mixed conductive thin film 4, and consists of YSZ(s) +0 ^~ H j 
here. The solid electrolyte 1 surface is supplied through the mixed conductive thin film 4 from the 
negative electrode 2 with electron conductivity, oxygen ion which obtained the electron moves in 
the inside of the solid electrolyte 1 , and the electron e faces to the anode 3. In the anode 3, oxygen 
ion emits electrons and generates oxygen gas. 

0^"-> I/2O2+ 2e [0009]Thus, it is in the point which a steam-cracking reaction starts over all the 
surfaces of the solid electrolyte 1 as a feature of the operation in this invention. The reason is 
because the mixed conductive thin film 4 can let an electron, gas, and oxygen ion pass. 
[0010]As mentioned above, although the case of water vapor electrolysis was described, in the case 
of a fuel cell, it is reverse, and oxygen ion moves to the negative electrode 2 from the anode 3, in a 
negative electrode, it reacts to hydrogen everywhere in the mixed conductive thin film 4, and a steam 
is generated. 

[001 1]As an original function of a solid electrolyte, transference number =1 is desirable, and although 
the mixing conductive thin film from the viewpoint is so preferred that it is thin, since an operation 
and effect of this invention of extending effective electrode area stop being revealed when too thin, it 
is good [ the thickness ] to use 0.1-5 micrometers. 
[0012] 

[Example]It explains based on drawing 1 and drawi ng 2 which mentioned the example by this invention 
above. It was the zirconia (YSZ) stable by 8-mol% of yttria, the solid electrolyte 1 added and slurred 
alcohol and a surface-active agent to a 0.5-micrometer particle, and after carrying and carrying out 
natural seasoning of this slurry on a Teflon sheet, it obtained them by calcinating it in the air at 1500 
** for 1 hour. The generated YSZ board is a plate (75 mm x 75 mm), and thickness is 250 
micrometers. This zirconia board was used in the following examples. 

[0013](Example 1) La(N03) 3 and 6H p, and Ce(N03) 3 and 6H jO are mixed by three in one pair of 
weight ratio (mole ratio 0.25:0.75 of La pair Ce), 30% of a weight ratio adds water to this, and it is 
considered as a solution. This was applied to the whole surface of the above-mentioned YSZ board 1 , 
it calcinated at 1400 ** for 10 hours, and the mixed conductive thin film 4 of 0.5-1 .0-micrometer 
thickness was made to form. (Although this thickness is below an EPMA detection limit, it is a thing 
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of the range by which existing with fluorescence X rays is checked) 

The slurry which mixed NiO:60 % of the weight and YSZ:40 % of the weight as the negative electrode 
2 on this thin film 4 was constructed with the screen printing of the conventional method. As the 
anode 3, LaMnOg was constructed by the same method. This was calcinated at 1 300 ** and the cell 
was manufactured. If the mole ratio of La is made or more into 0.5 about the mole ratio of La and Ce, 
mixed conductivity becomes weak and the target effect cannot be demonstrated. 
[0014](Example 2) CeCNOg) 3 and 6H ^0, and YCNOg) 3 and 6H jO are considered as mixing (mole 
ratio 0.6:0.4 of the Ce pair Y) by the weight ratio 2.36 to 1, What added water to this and was used as 
the saturated solution was applied to the YSZ board 1, it calcinated at 1400 ** in the atmosphere for 
10 hours, and the mixed conductive thin film 4 of 0.5-1.0-micrometer thickness was made to form. 
The following processes are the same as Example 1. 

[0015](Example 3) SmCNOg) 3 and 6H and CeCNOg) 3 and 6H p are mixed by the weight ratio 1 
to 3.9 (mole ratio 0.20:0.80 of Sm pair Ce), 40% of a weight ratio adds water to this, and it is 
considered as a solution. This was applied to the whole surface of the above-mentioned YSZ board 1 , 
it calcinated at 1400 *♦ for 10 hours, and the mixed conductive thin film 4 of 0.5-1.0-micrometer 
thickness was made to form. The following processes are the same as Example 1 . 
[0016](Example 4) Nitric acid Seria Ce(N03) 3 and 6H 2O were dissolved in water, and it was 
considered as 50% of the weight of the solution. This liquid was applied to the YSZ board 1 , it 
calcinated at 1400 ** In the atmosphere for 10 hours, and the mixed conductive thin film 4 of 0.5- 
1.0-micrometer thickness was manufactured. The following processes are the same as Example 1. 
[001 7](Example 5) Nitric acid praseodymium Pr(N03) 3 liquid was applied to the YSZ board 1, it 
calcinated in the atmosphere, and the mixed conductive thin film 4 of 0.5-1.0-micrometer thickness 
was manufactured. PrgO^, was checked according to the X diffraction. The following processes are 
the same as Example 1. 

[0018]The potential-current curve at the time of supplying a steam at the temperature of 1000 ** 
and performing water vapor electrolysis using the cell manufactured in above Examples 1 -5, is shown 
in drawing 3. Here, when current density (horizontal axis) is increased, negative-electrode potential 
(vertical axis) shows the tendency to become large negative as a powerless cell. Compared with the 
cell, each shows that change of potential is small, the potential for obtaining fixed current density is 
small, and it ends in the cell of Examples 1-5 conventionally which was shown by the black dot. 
[0019]The endurance of a solid electrolyte improves. If the potential which will specifically make air a 
reference pole if the potential added to a solid electrolyte becomes becomes less than -1.4V 
about, the phenomenon that YSZ is returned etc. and in which it deteriorates will start. In this 
invention, since a reaction occurs on all the surfaces of a solid electrolyte, current does not 
concentrate locally. Therefore, potential can maintain at ♦* compared with a conventional method, 
and this contributes to improvement in the endurance of a solid electrolyte. 

[0020]When electrolysis with constant current was performed by current density ^ of 600mA/cm, in 
the conventional example, the cell deteriorated within 24 hours, resistance became large, and 
energizing became impossible, but as for the energization stable in the above-mentioned example, 
1 00 hours or more were possible. 
[0021] 

[Effect of the Invention]By using the solid electrolyte which carried out mixed addition of 
conductivity for the negative electrode surface of this invention, performance of the electrolysis cell 
of a high-temperature-steam electrolytic device and an elevated-temperature solid oxide type fuel 
system improves, and its endurance of the solid electrolyte itself also improves. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]In a solid electrolyte which uses as a base stabilized zirconia used for an elevated- 
temperature solid oxide type water-vapor-electrolysis device or an elevated-temperature solid oxide 
type fuel system, A 0.1-5-micrometer-thick mixed conductive film ** La-Ce oxide chosen from the 
following group (it is a mole ratio in mole fraction at the time of La+Ce=1, and is La:Ce=0-0.5:1 .0-0.5) 
** A Y-Ce oxide (it is a mole ratio in mole fraction at the time of Y+Ce=1, and is Y:Ce=0-0.5: 1.0-0.5) 
** A Pr oxide ** Sm-Ce oxide (it is a mole ratio in mole fraction at the time of Sm+Ce=1 , and is 
Sm:Ce=0-0.5:1. 0-0.5) 

A solid electrolyte which gave mixed conductivity to a negative electrode surface which forms in a 
porous negative electrode surface and is characterized by things. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]The explanatory view of the solid oxide type high-temperature-steam electrolytic device 
of one example of this invention. 

[Drawing 2]The explanatory view of the phenomenon started near the negative electrode of the solid 
oxide type high-temperature-steam electrolytic device of this invention. 

[Drawing 3]The comparative diagram of the performance of the high^temperature-steam electrolytic 
device using the solid electrolyte of this invention, and the conventional solid electrolyte. 
[Drawing 4]The explanatory view of the principle of the conventional solid oxide type high- 
temperature-steam electrolytic device. 

[Drawing 5]The explanatory view of the phenomenon started near the negative electrode of the 
conventional solid oxide type high-temperature-steam electrolytic device. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 5] 
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